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1

ELECTROCHEMICAL DECONTAMINATION OF
RADIOACTIVE METALS BY ALKALINE
PROCESSING

BACKGROUND OF THE INVENTION

This invention relates generally to decontamination
of radio-contaminated metals, and in particular to de-
contamination of radio-contaminated metals by alkaline
electrochemical processing. Of particular interest to the
present invention is the remediation of radio-con-
taminated nickel from decommissioning uranium gas
diffusion cascades in which nickel is the primary con-
stituent and technetium, neptunium, plutonium and
uranium are the primary radioactive contaminants.

The radiochemical decontamination art 1s presented
with unique practical problems not shared with tradi-
tional extraction technologies. For example, the pres-
ence of only residual parts per million concentrations of .,
reactor fission daughter products such as technetium,
neptunium, plutonium, and any other actinides, in reme-
diated nickel and other like recycled products will so
degrade product quality of remediated products that
their release to unregulated non-nuclear markets is pre-
vented. Degraded product must then either be em-
ployed in less valuable regulated nuclear markets or be
reworked at greater financial cost.

Various decontamination processes are known in the
art, and specifically for decontamination of nickel.
Nickel can be removed by selectively stripping from an
acidic solution by electrowinning. See U.S. Pat. No.
3,853,725. Nickel may be removed by liquid-liquid ex-
traction or solvent extraction. See U.S. Pat. Nos.
4,162,296 and 4,196,076. Further, various phosphate 13
type compounds have been used in the removal of
nickel. See U.S. Pat. Nos. 4,162,296; 4,624,703,
4,718,996; 4,528,165; and 4,808,034.

It is known that metallic nickel, contaminated with
fission products, can be decontaminated to remove any
actinides present by direct electrochemical processing
based on the differences in reduction potential in the
electromotive force (emf) series. Actinides have a sig-
nificantly higher reduction potential (than hydrogen)
relative to nickel; therefore, actinides remain in solution 45
while gaseous hydrogen is evolved by electrolysis of
water. Consequently, actinides are normally won from
molten salt electrolytes rather than from aqueous elec-
trolytes. See U.S. Pat. No. 3,928,153 and 3,891,741, for
example. Other electrolytic processes are disclosed by
U.S. Pat. Nos. 3,915,828; 4,011,151; 4,146,438;
4,401,532; 4,481,089; 4,537,666; 4,615,776 and 4,792,335.

FIGS. 1 and 2 depict a conventional single electro-
winning dissolution system and an entire plant layout,
respectively. In FIG. 1 the contaminated metal first 1s
dissolved in anodic dissolution tank 10. The contami-
nant-containing solution is then transferred out of the
dissolving tank to oxidation tank 12, which 1s equipped
with a dispersion system and optionally a blower 26,
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where the oxidation potential of the radiocontaminants 60

is adjusted. Next, the solution is transferred from the
oxidation tank to tank 14, which is equipped with a gas
dispersion system and optionally a blower, where oxi-
dants are removed from solution. Then, the solution is
transferred through filter 16 which removes solids, and
then through a series of ion exchangers 18,20 which
remove the radiocontaminants from solution. Next, the
solution is transferred to a series of holding tanks 22,24,
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and subsequently to an electrowinning plating cell (not
shown) where nickel is cathodically plated.

FIG. 2 is a schematic representation of a full scale
plant layout utilizing the dissolution system of FIG. 1.
A series of dissolving tanks 100 (as described above) are
serially connected to each other electrically (heavy
lines) and via electrolyte piping (thin lines). The dis-
solving tanks are also connected to holding tanks
120,122 and electrolyte return tanks 130. The dissolving
tanks are driven by power supplies 124. Upon dissolu-
tion, the solution is transferred to a series of electrowin-
ning plating tanks 126, which are serially connected to
power supplies 128, for cathodic deposition of nickel.
Thus, while such electrowinning methods are generally
effective, they are disadvantageous in that require the
use of separate, multiple tanks and power supplies, with
a concomitant high cost in capital and operating ex-
pense.

In addition, while the removal of uranium and other
actinides has been generally addressed by electrowin-
ning or electrorefining techniques, the removal of tech-
netium has continued to be a problem. For example,
when nickel is refined by standard electrorefining art in
a sulfate electrolyte solution, the technetium had been
found to track the nickel and codeposit on the cell cath-
ode. Thus, e.g., experiments employing aqueous sulfuric
acid solutions at a pH of about 1-4 at room temperature
have shown that the technetium activity of the depos-
ited metal may be as high as the technetium activity of
the feedstock. Moreover, such methods require the use
of large amounts of resin to remove the technetium.
Consequently, a high volume of secondary waste i1s
generated by efforts to remove technetium and other
metal contaminants in addition to product recovery.
Such problems have been addressed in part in U.S. Pat.
Nos. 5,156,722, 5,183,541, and 5,262,019.

What is needed is a2 method which can effectively
recover nickel from nickel contaminated with techne-
tium, other transition metals, and actinide metals, which
minirnizes equipment requirements, operating costs, and
capital costs.

There is a further need for an economical, energy
efficient, easy-to-operate method to decontaminate
radiocontaminated nickel and, more specifically, to
separate technetium, neptunium, plutonium and ura-
nium from nickel, which operates in an environmentally
sound manner, and concentrates the contaminated ma-
terial in a manageable, low volume waste stream.

There is also a need for a method for recovering
technetium, other transition metals, and actinide metal
contaminants from nickel which reduces the need for
secondary processing means to separate/remove such
contaminants from nickel, simplifies acid management,
and reduces chemical consumption.

SUMMARY OF THE INVENTION

These and other needs are satisfied by the invention
which is characterized by electrorefining nickel con-
taminated with radioactive contaminants in a unique
combination of treatment steps. The methods of the
invention are believed to be particularly effective in
decontaminating nickel contaminated with neptunium,
plutonium, uranium, and especially technetium.

Radioactive contaminants, including transition metals
such as technetium, and actinide metals such as pluto-
nium and uranium, will not cathodically codeposit with
nickel under alkaline processing conditions. Accord-
ingly, the electrorefining decontamination methods of
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the present invention, which may operate in a single
electrochemical cell containing an alkaline electrolyte,
allow substantially contaminant-tree nickel to be seiec-
tively recovered from the electrolyte, even in the pres-
ence of radioactive contaminants.

In one preferred embodiment of the method of the
invention, nickel is selectively recovered from an alka-
line electrolyte by cathodically depositing substantially
radiofree mickel from solution in an electrorefining cell
containing a semi-permeable membrane. Preferably, the
electrolyte 1s ammonium sulfate having a pH i1n the
range of between about 10-13 and comprising from
about 100 to 250 g/L sulfate. This embodiment of the
invention eliminates the need for peripheral decontamai-
nation processes (such as those employing 1on exchan-
ge/filtration means) to remove any radiocontaminants
from the electrolyte in extraneous processing operations

beyond the electrolytic cell. Therefore, the amount of

ion exchange resin consumed and secondary wastes
generated when removing technetium and other radto-
contaminants under acidic plating conditions, are sub-
stantially reduced. In addition, acid management and
pH control are simplified because the electrorefining
methods of the present invention consume and generate
acid 1in a single tank. Thus, a balanced pH can be readily
maintained without the addition of substantial amounts
of chemicals.

In another preferred embodiment of the method of
the invention, the oxidation potential of the radioactive
contaminants in solution is adjusted externally of the
electrochemical cell to drive the radio-contaminants to
a suttable oxidation state for removal 1n a subsequent
step (rather than allowing for accumulation in the ano-
lyte). Preferably, an oxidizing agent selected from the
group consisting of hydrogen peroxide, ozone, oxygen
gas, permanganate and a nitric acid-nitrous acid mix-
ture, 1s added in an amount sufficient to oxidize the
contaminants. Next, the radioactive contaminants are
separated from the solution externally of the cell. Then,
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the nickel-containing solution is re-introduced into the 40

cell to selectively recover nickel by cathodically depos-
iting substantially radio-free nickel from the solution in

the cell. In this preferred practice, the radio-activity of

the nickel-containing solution may be verified after the
separation step and before charging into the cathode
chamber of the electrochemical cell. If the radioactivity
of the solution 1s unacceptable, the solution 1s continu-
ously recycled through the redox and contaminant pol-
ishing systems for further treatment, 1.e., the oxidation
potential of the solution 1s adjusted and the solution 1s
passed through filtration and/or ion exchange means,
until the solution is substantially free of radioactive
contaminants. In preferred practice, the gross beta ac-
tivity of the nickel-containing solution may be less than
about 20 Bg/gm, and more preferably less than about
0.5 to 1 Bq/gm, after the separation step and prior to
re-introduction into the cell.

Nickel electrorefined by practicing the methods of
the invention should have a gross beta activity of less
than about 1 to 10 Bq/gm, and technetium contamina-
tion levels of about 0.25 to 10 Bq/gm, preferably from
0.5 to 7 Bq/gm, more preferably from 0.5 to 1, or less.
Alternatively, levels of radiocontamination should be
reduced to environmentally acceptable values, typically
less than about 10 ppb, preferably less than about 5 ppb,
and even more preferably less than about [ ppb, reach-
ing European free-release levels at less than or equal to
about 0.37 Bq/gm.
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In practicing the electrorefining methods of the in-
vention, 1t is essential that nickel 1s cathodically depos-
ited in an alkaline electrolyte. As used herein, the ierm
“alkaline” means an aqueous solution having more hy-
droxyl than hydrogen iomns, 1.e., a solution having a pl-
above 7. Substantially contaminant-free nickel may be
recovered at the cathode 1f the electroiytic solution is
maintained at a pH above 7, preterably 1n the range
between about 8 to 14, more preferably between about
10 to 13, and even more preferably between about 10 to
12. That 1s, when the electrolytic solution is maintainec
at such pH levels, it 1s believed that transition and acti-
nide metal contaminants do not track nickel to the cath-
ode, and will not reduce chemically with the cathodic
nickel product. Since technetium and other contami-
nants remain in solution during the course of the treai-
ment, substantially contaminant-free nickel may be re-
covered in a single step.

Advantageously, when practicing the methods of the
invention, the dissolving and plating operations maeay
occur in a single electrochemical cell which is driven by
a common current and controlled by a single rectifier.
Since the entire process may be undertaken in a single
cell, the number of electrochemical cells, processing
tanks, and electrical hardware including power supplies
and rectifiers, required for practicing the methods o1 the
invention 1s reduced by up to about one halt or more.
Likewise, current consumption 1s decreased by about
50% or more compared to the electrowinning methods
of the art. Consequently, operating costs and capiial
imvestment also are reduced.

Accordingly, 1t 1s a object of this invention to provide
a method for selectively recovering nickel from rad:o-
contaminated nickel which reduces the operating cosi
of prior nickel decontamination systems, 1s simple and
easy to operate, and allows the beneficial reuse of nickel
metal.

It i1s yet another object of this invention to provide 2
method for electrorefinming radio-contaminated niclkel
which selectively plates nickel in the presence of transi-
tion metal contaminants such as copper, iron, and tech-
netium, and radioactive metal contaminants such as
neptunium, plutonium and uranium.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be more fully understcod
by reference to the accompanying drawings, which zre
offered by way of example only, wherein:

FIG. 1 is a schematic representation of a dissolution
system for practicing an electrowinning process to plaie
nickel;

FIG. 2 is a schematic representation of a plant layout
for practicing an electrowinning process to plate nickel,
using a series of dissolution systems depicted in FIC. 1;

FIG. 3 is a schematic representation of an apparatus
and an abbreviated flow diagram of an embodiment ci
the process employed in the practice of the present
ivention; and

FIG. 4 1s a schematic representation of an apparatus
and an abbreviated flow diagram for an alternaie em-
bodiment of the process employed 1n the practice oi the
present mnvention.

DETAILED DESCRIPTION OF THE
INVENTION

The methods of recovering nickel 1n accordance with
the mmvention are illustrated 1n the accompanying drev-
ings. Referring now to FIG. 3, the electroreiining elec-
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trochemical cell 202 has an anode 200 in an anode cham-
ber 201 and a cathode 204 in a cathode chamber 205
which may be electrically connected by a voltage
source 208 and controlled by a single rectifier (not
shown). The anode chamber 201 and the cathode cham-
ber 205 are separated by a semi-permeable membrane
206 which permits the transfer of the electrolytic solu-
tion from one chamber to the other, and completes the
electrical circuit. The semi-permeable membrane may
be comprised of any material which permits ionic flow,
but prohibits bulk or osmotic flow, between anode
chamber 201 and cathode chamber 205. Such materials
are well known to those skilled in the art. Preferred
materials include polymers such as polysulfone, simtered
glass frit, and finely powdered ceramic particles com-
pressed between porous membranes. The cell 202 may
have a drain line 214 for removing anodic shimes, in-
cluding technetium oxide, which form in the anode
chamber. The cell may also be equipped with a blower
212 for agitation and/or aeration of the solution.

The anode 200 is normally comprised of the metal to
be recovered at the cathode 204. The nickel to be de-
contaminated is generally available in the form of 24
inch diameter by 18 inch high 2,200 pound 1ingots,
which must be converted to anodes having a much
higher surface area per unit weight geometry for etfec-
tive electrolytic dissolution. Preferably, the electrode
preparation involves a minimum amount Of reprocess-
ing, product losses and waste generation. Accordingly,
contaminated anodes are preferably prepared by *“‘shot”
production or thin sheet rolling from contaminated
ingots. Methods for preparing such electrode are de-
scribed in U.S. Pat. No. 5,262,019, issued Nov. 16, 1993,
in the name of Snyder et al., the disclosure of which 1s
incorporated herein by reference in 1ts entirety. Alter-
natively, the contaminated anode may be in powder or
bar form.

The cathode employed to practice the methods of the
invention may be comprised of one or more materials
selected from the group consisting of titanium, plati-
num, stainless steel, graphite and nickel. Nickel 1s pre-
ferred.

The electrochemical cell typically operates at be-
tween about room temperature (approximately 20° C.)
and 75° C., preferably between about 35° and 75° C,,
and more preferably between about 40° and 60° C., and
at a current density of about 10 to 300 amps/square foot
with an efficiency of about 80% or more at a cell volt-
age of about 1 to 4 volts/cell. The cell may be operated
at between about 1 to 5 volts/cell, preferably at about 1
to 3 volts/cell.

The electrochemical cell 202 advantageously may
employ any suitable aqueous solution having a pH of
above 7 as an electrolytic solution, including for exam-
ple, ammonium sulfate, ammonium chloride, ammo-
nium hydroxide, ammonium carbonate, with ammo-
nium sulfate being preferred. Initially, the contaminated
anode may be dissolved in an acidic solution of, say for
example, sulfuric or hydrochloric acid, having a pH of
between about 1 to 3, and a temperature of between
about 30° to 70° C. The amount of anion in solution 1is
not critical, as long as there is a sufficient amount to
support nickel dissolution. Preferably, the electrolyte
contains from about 100 to 250 g/L sulfate (as sulfate,
SO4=), and more preferably from about 145 to 245 g/L
sulfate, added as sulfuric acid (H2SOg4). Next, a balanc-
ing cation may be added to the solution in an amount
sufficient to increase the pH of the electrolyte to the
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desired alkaline range. Preferably, the pH of the elec-
trolyte is adjusted by adding at least one cation selected
from the group consisting of ammonium, sodium, cal-
cium, or the like, with ammonium being preferred. For
example, the pH of the electrolyte may be adjusted by
adding sodium hydroxide, calcium hydroxide, and/or
by sparging with NHj3. Alternatively, the contaminated
anode may be placed directly in an alkaline solution
having the appropriate pH.

The alkaline electrolyte may contain at least about 30
g/L and up to about 280 g/L nickel. Preferably, the
alkaline electrolyte contains from about 60 to 130 g/L,
and more preferably about 70 to 100 g/L nickel. The
alkaline electrolyte may also contain up to about 30 g/1.
boric acid, which functions to improve the plating rate
and the character of the plating deposition. When prac-
ticing this embodiment of the invention, the pH of the
catholyte may be somewhat higher than the pH of the
anolyte, whereas the concentration of nickel in the
catholyte is slightly lower.

Other electrolytes, such as fluoroboric acid, fluorosil-
icic acid, hydrochloric acid, nitric acid and the like, and
other suitable process conditions may be employed 1n
other practices of the present invention, as long as such
materials and process conditions support nickel plating,
are compatible with the cellular construction materials,
and do not substantially increase the amount of second-
ary waste generated. The alkaline electrolyte may have
a gross beta activity of more than about 2000 to 6000
Bq/gm, prior to treatment.

In the preferred embodiment of the method of the
invention depicted in FIG. 3, the solution is circulated
within cell 202 between chambers 201 and 205. In prac-
ticing this particular embodiment, the alkaline solution
in the cathode chamber 205 may be maintained at a
slichter higher pressure, say from about 1 to 1.2 atm, to
promote flow/transfer of the alkaline solution from the
cathode chamber to the anode chamber to dissolve
additional contaminated nickel. The alkaline solution 1n
electrochemical cell 202 also may be recirculated by
pumps 210 which may be equipped with carbon filters
(not shown) for removing organics and other particu-
lates in the solution. In addition, a blower device 212
may be utilized for cell agitation and aeration.

Any unprecipitated contaminant remains in solutton,
accumnulating in the anolyte which is periodically re-
moved and treated. Any precipitated contaminant, such
as technetium oxide, generally reports to the anodic
slimes which may be periodically removed from the
cell, treated and buried. For example, recirculating
carbon beds may be placed in both the anolyte and
catholyte chambers to receive hydrocarbon and radi-
ocontaminants. Thus, there is no requirement for any
separate processing step using 1on exchange means or
solvent extraction to remove the radioactive contami-
nants, and any process step to separate the radioactive
contaminants from the nickel-containing solution exter-
nal to the electrochemical cell is optional. As a result,
Jow volumes of waste are generated.

In another embodiment of the method of the mmven-
tion, substantially radio-free nickel is electrorefined at
the cathode by controlling pH and adjusting the oxida-
tion potential of the radioactive contaminants 1n a sepa-
rate step which occurs externally of the electrochemical
cell. This embodiment is particularly adapted to remove
trace amounts of radioactive-containing species from
the nickel-containing solution prior to the deposition of
nickel in the cathode chamber. In such an alternative
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embodiment of the method of the invention, which is
shown i FIG. 4, the solution may be circulated
through an external circuit from the anode chamber 201
to the cathode chamber 205 and then back to the anode
chamber 201 through the membrane 206. The composi-
tion of the electrolyte solution and operating conditions
of the electrolytic cell generally are as described above.

The contaminate-containing solution in the anode
chamber 201 1s pumped from the electrochemical cell
202 (via pump 216) 1n an external line 218 into a vessel
220 where the oxidation/reduction potential of the radi-
oactive contaminants in solution may be adjusted. Pref-
erably, the contaminate-containing solution 1s contacted
with an oxidizing agent which oxidizes the contami-
nants to a valence state where the contaminants may be
readily precipitated and removed from solution in later
processing steps. Preferably, the radiocontaminant-con-
taining solution 1s contacted with an oxidizing agent
selected from the group consisting of hydrogen perox-
1de, 0zone, oxygen gas, nitric acid-nitrous acid mixtures,
and permanganate. Preferably, oxidizing agents such as
peroxide and ozone are used to oxidize any technetium
species 1n the alkaline solution to technetium (47).
Depending upon the oxidizing agent, any unreacted
oxidizing agent remaining in solution after the oxidation
step, may be removed to protect downstream filters and
1on exchangers from possible oxidation. In those prac-
tices where ozone 1s employed as an oxidizing agent, air
or steam 1s preferably employed to strip the ozone from
the alkaline solution following the oxidation step. In
practices where hydrogen peroxide is employed as the
oxidizing agent, ion exchange “blocking’” may be used
to remove residual 1mpurities.

Following the oxidation adjustment (or redox) step,
the nickel-containing solution may be pumped (via
pump 221) through a contaminant polishing means 222,
which may consist of, for example, a filtering means
and/or an 1on exchange means, for removing contami-
nants from the solution. For example, the nickel-con-
tamning alkaline solution may be filtered through a par-
ticulate filter to separate particulates from the alkaline
solution. The particles may be colloidal sized particles
stemming from the contaminant metal itself (such as
technetium oxide) or processing contaminants such as
resin fragments or the like. Preferably, the filter is a
hybrid sand-powdered ion exchange resin filter. Alter-
natively, or 1n addition to the filtration step, the alkaline
solution may tlow through one or more 10on exchangers
having an anionic or mixed resin bed, for sorbing cati-
onic technetium complexes and other radioactive/tran-
sition/actinide metal i1ons. Preferably, resins are em-
ployed at an operating temperature of less than about
60° C. Mixed 10n exchangers may be employed to elimi-
nate the etfects of any localized pH variations that may
occur 1n a pure anion column and which may be delete-
rious to the reaction.

Preferably, at least two 10n exchangers are employed
on-line i series. Each on-line 1on exchanger is moni-
tored to determine radiochemical activity break-
through. When the first (1.e., the upstream) 10on ex-
changer bed in tandem breaks through, it is taken off-
line and regenerated while the second bed in tandem is
“moved-up” to the first position and a fresh bed 1s in-
stalled 1n the second position.

If desired, after the contaminant polishing step and
before the alkaline solution is reintroduced into the
cathode chamber, the solution may be pumped to one or
more holding tanks 224, where the contamination level-
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/activity of the alkaline solution may be monitored so
that an excessively contaminated alkaline solution is not
fed 1into the cathode chamber. If the contaminant level
or radioactivity of the alkaline solution 1s too high, say
above about 40 ppb or 75 Bq/gm, the alkaline solution
may be recycled via a pump 228 1n an external line 2Z¢
to upstream of the redox vessel. Preferably, the recy-
cled solution 1s returned to the vessel 220 for adjusting
1its oxidation potential to assure, for example, complete
oxidation of technetium to the technetium -7 species.
The oxidation/reduction and contaminant polishing
steps may be repeated until the desired level of contami-
nant has been removed. When the contaminant/activity
level of the alkaline solution is considered acceptable,
the nickel-containing alkaline solution may be reintro-
duced to the cathode chamber of the electrorefining
electrochemical cell.

The mnvention is further illustrated by the following
examples which are not intended to be himiting.

EXAMPLES

A solution containing about 90 g/L of nickel and 5.4
mg/ L of uranium was plated under the operating condi-
tions set forth in Table 1. Results are set forth in Table
2.

During Experiments 1 and 2, which were conducted
in an acidic electrolyte, the seed cathode surfaces were
passivated by oxidation when the cathodes were re-
moved from the bath to establish the weight gain, ren-
dering the cathodes substantially inoperable for addi-
tional runs. Electrode passivation did not occur during
Experiments 3 and 4 which were conducted in an aika-
line electrolyte. As the data for Experiments 3 and 4
indicates, over 99% of the nickel was recovered by
cathodic deposition in an alkaline electrolyte. The pu-
rity of the recovered nickel was not analyzed.

TABLE 1
TEST CONDITIONS
NUMBER ANODE CATHODE pH
] GRAPHITE STAINLESS ACIDIC
2 INERT NICKEL ACIDIC
3 GRAPHITE STAINLESS BASIC
4 INERT NICKEL BASIC
TABLE 2
RESULTS
BASIC TESTING - EXPERIMENTS 3 AND 4
U NI ERE. NITRATE
mG/L mG/L Yo G/L
TEST 3 2.4 24 99.5 157
12.5 99.8 194

5.4

The 1imvention having now been fully descirbed, it
should be understood that it may be embodied in other
specific forms or variations without departing from its
spirit or essential characteristics. Accordingly, the em-
bodiments described above are to be considered in all
respects as illustrative and not restrictive, the scope or
the imvention being indicated by the appended claims
rather than by the foregoing description, and =alil
changes which come within the meaning and range of
equivalency of the claims are intended to be embraced
therein.

We claim:

1. A method for decontaminating radiocontaminatec
nickel comprising, 1n an electrorefining cell having =
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semi-permeable membrane, cathodically depositing sub-
stantially radio-free nickel from an alkaline solution
containing electrolyte, nickel ions, and radioactive 1ons;
wherein said solution is maintained at a pH of at least
about 10 (as measured at the cell temperatures, and
wherein said radioactive contaminant is at least one
contaminant selected from the group consisting of the
transition and actinide metals.

2. The method of claim 1 wherein the electrodes of
said cell are driven by a common current and controlled
by a single rectifier.

3. The method of claim 1 wherein said contaminant is
selected from the group consisting of technetium, nep-
tuninm, plutonium and uranim.

4. The method of claim 3 wherein said contaminant 1s
technetium.

5. The method of claim 1 wherein said electrolyte has
a pH in the range of between about 10 to 13.

6. The method of claim 5 wherein said electrolyte is
selected from the group consisting of ammonium sul-
fate, ammonium chloride, and ammonium hydroxide.

7. The method of claim 6 wherein said electrolyte 1s
ammonium sulfate.

8. The method of claim 7 wherein said electrolyte
comprises from about 100 to 250 g/L sulfate.

9. The method of claim 1 further comprising the steps
of:

a. adjusting the oxidation potential of the radioactive
contaminants in said solution externally of said
electrochemical cell;

b. separating said radioactive contaminants from said
nickel-containing solution externally of said cell;
and then

c. re-introducing said nickel-containing solution into
said cell to selectively recover nickel, by cathodsi-
cally depositing substantially radio-free nickel from
said solution in said cell.

10. The method of claim 9 where the oxidation poten-
tial of said contaminants is adjusted by adding oxidizing
agent selected from the group consisting of hydrogen
peroxide, ozone, oxygen gas, nitric acid-nitrous acid
mixture, and permanganate.

11. The method of claim 9 wherein, before said solu-
tion passes is re-introduced into said electrolytic cell,
steps (a) and (b) are repeated until said solution 1s sub-
stantially free of contaminants.
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12. The method of claim 9 wherein said contaminants
are selected from the group consisting of the transition
metals.

13. The method of claim 12 wherein said contaminant
is technetium.

14. The method of claim 9 wherein said solutton has
a pH in the range of between about 10 to 13.

15. The method of claim 9 wherein the electrodes of
said cell are driven by a common current and controlled
by a single rectifier.

16. The method of claim 1 wherein said electrolyte 1s
maintained at a temperature of between about 40° and
60° C., and said cell is operated at a current density of
about 10 to 300 amps/square foot with an efficiency of
about 809 or more at a cell voltage of about 1 to 4
volts/cell.

17. A method for electrorefining nickel contaminated
with radioactive contaminants, comprising the steps of:

a. first dissolving nickel metal contaminated with

radioactive metal contaminants into an acidic solu-
tion having a pH between about 1 to 3 in an electro-
Iytic cell containing a semi-permeable membrane,
to produce a solution containing nickel 1ons and
radioactive 10ns;

. then raising the pH of the solution in said cell to at
least about 8; and

c. selectively recovering nickel from said solution by

cathodically depositing substantially radio-free
nickel from said solution in said cell.

18. A method for electrorefining nickel contaminated
with radioactive contaminants, comprising the steps of:

a. dissolving nickel metal contaminated with radioac-

tive metal contaminants into alkaline electrolyte 1n
an electrolytic cell containing a semi-permeable
membrane, said electrolyte having a pH 1n the
range of between about 10 to 13, to produce a
solution containing nickel ions and radioactive
tons; and

b. selectively recovering nickel from said solution by

cathodically depositing substantially radio-iree
nickel from said solution in said cell.

19. The method of claim 18 wherein steps (a) and (b)
are driven by a common current and controlled by a
single rectifier.

20. The method of claim 18 wherein said contaminant
is selected from the group consisting of technetium,

neptunium, plutoninvm and uranium.
% ¥ %* ¥ *
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